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(54) LINER MANUFACTURE METHOD 

(57) Abstract 

FIELD: plastic working of metals, in particular, cold plastic deformation method SUBSTANCE: method 
involves manufacturing two parts, pipe and enclosure, from materials with different elastic limit; 
assembling parts by installing pipe in enclosure with space between their walls; subjecting part 
made from metal with lower elastic limit to plastic deformation. EFFECT: increased efficiency and 
improved quality of liner. 2 dwgs 
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(54) cnOCOB M3rOTOBJI EHMLH JTEfiHEPOB 
(57) Abstract 

McnoJib30Baime: o6pa6orKa ueTajmoB flaBneHHeM, b uacrHocrii, o6pa6oTKa MeroflOM xo/iom*oH 
nnacrmeexoft fle^opMaujiH. CymKocrb rcxtfpereHHH: rorwaanMBaioT a Be ncr-ann - Tpy6y m o6onoHKy H3 
MaTepuanoB c paojmuHbOyc npeaejioM ynpyrocTH. Co6wpaioT ynoMHHyrbie Aeranw nyreM ycraHOBKH Tpy6bi b 
o6ano«iKy c 3a3opoM. nocne cooproi nnacrwMecKoft j\e$opMaupai noflBepraioT ^eTaxib, loPOTOBneHHyio ra 
MeTajuia c MeHbnraM npe^enovc ynpyrocxH. 2 hix. 



Description [OnHcame H3o6peTenH5i]: 



M3o6pexeHue othocmtch k xononHoii o6pa6oTKe MexaJUioB unacnwecKUM A^fopMnpoDaHHeM u Moraex 6btTb 
HcnojibOOBaHO, HanpwMep, nn« H3roxoaneHHfl neuHepoB a^h umjihhapob mxaHroBbix He^THHbix HacocoB. 

W3BecTeH cnoco6 H3r©ToaneHn*i Jicwwepoo. coraacHo KoxopoMy tohkoctchh&h xpytfa BCxaarcHercH B 
o6onoHKy c 3a3opoM |1| Mcxpy HapyjKHoii nooepxHocrwo Tpy6bi w BHyxpeHHeii noBepxHocxbw ooonomui 
UMeexcn 3a30p. 

He^ocraTKOM npHDe^einioro cnoco6a HarwexcH Hamraie 3a3opa h&e7Kpy xpy6oii w o6onouKOM, npHBOAHiAero 

K CHSUKCHSDO JKCCTKOCTM /ICHHCpa, a B HtttOTOpblX C/iyWaHX. HanpHMCp, npH H3rX)TX)B7ICHHM nwjuutupoB 

ue^THBbix HacocoB H3 JieHHepOB, 3a3op 3Hau»rrcnhao cHHaaer KaMecTBO nocneAyK)n;eM onepaupn 
ynpoweKHH BHyTpcHHcfi noBCpxHOCTM umiKHnpa a3oxnpoBaHMCM. 

143BecreH cnoco6 mroroaneHiiH jieftHepoa, connacHO KoropoMy Hapyxnyio noBepXHoexb xpytfbi m 
BHyrpcHHiOK) noBcpxHOCTb o6onotnaf joroTaBjnraaiOT kohotcgkiimk (2| HcAOcraxKOM BbnnconwcaHHOPO 
cnoco6a Hanffercn to, mto oh cjiowhhim b ocytnecTB/ieHini . GnoKHocxb npe^crraB/i5ieT H3rorooneicie 
conpnraeMbix noBepxHocreii h6o Tpe6yercH crporo coraacoBaxb onHoocHocxb KomwecKoft BHyrpeHHeu 
noBepxHocxM ooonomai c kohmmcckoh HapyxHoft noeepxHOCXbio Tpy6bi. 

TaK»e H3BecreH cnoco6 raroToaneHMH neHHepoB, comacHO KoropoMy nocne coopira xpy6bi c odoaomkom c 
HCKOTopbiM 3a3opowf no conpHraeMba* noBepxHOCTHM, neftHep noABepraior aBTo^peTHpoBaHino (cm. raw nee 
crp.38) |3J t. e. roiacnwecKOH fle$opMaEpm Tpy6bi c ijejibio ycrpaHeHMH 3a3opa Mew^y Tpy6oft h o6ojiomkoh, 
ii oflHOBpeMeHHorx) ynpOMHeuiiH Tpy6bi. 

HeAocraxKOM roBecxHoro cnoco6a iraroxoBneHMH HcfmepoB hbjihctch to, mto npn CKpenneHHW neftHepoB 
nocpejjCTBOM nnacrowecKott f\e$opuaij}m option H3 flexanefi jietaepa (ooonomuf vum xpy6w), He 
yqnTbiBaioTcH MexaHHMecKMe cBOMCTBa MexajmoB. wo He no3BOJiHer ooecnewrb Ka^ecxBeHHoro . 
6e33a3opHoro cKperuieHKH xpy6bi c ooVwiomkoh h. Kax cneAcxnue, npuBOAMX k HH3KOMy KanecxBy mpfixmn b 
uejioM. 

HanpuMep, npn lororoBJieiniM urcnuHnpoB He$TflHbDc mxaHPOBbix HacocoB ra cKpeiuieHHbix jieftHepoe, rj\e 
Tpy6a H3roTaBJiHBaeTCH M3 BbicoKonertipoBaHHOU a3ornpyeMOM cxajiM, a ooonoMKa H3 HM3KoyTvieponiicxoM 
cxajiH, H3-3a BbnneyKa3aHHoro HewocxaxKa b rrpoijecce a30XHpoBaHM« ujuimhapob H3 3a3opa Bbi^enHioxcH 
pa3bi, npenHXCXByioiuHe HopManbHOMy npoxeKaHmo npouecca asornpoBaimH. b pesyjibTare «iero pe3KO 
B03pacxaer BpextH a30TnpoBaHHH m CHHxaercH KauecTBO a3onipoBaHHH noBepxHOCTM uLinnHnpa h nacoca b 
UpnoM. 

3a$pHeA H3o6pexeHHH HEWHercsi pa3pa6oxKa cnoco6a raroxoaneHHH JieHHepoB, o6ecne^MBaioiHero 
KaMecxBeHHoe 6e33a30pHoe coeppattHVLe. xpy6bi c ooohoikoh ii noBbunemte JKecTKocTM neiteepa. 

YKa3aHHbiM TexrawccKHw pesy/ibTaT AocTHraercH tcm» mto npn roroxoBJieHMM JieftHepa, BKjno^aioinero 
roroTOBJieHMe HByx Rerrajidk xpy6w h o6qjiowkk h c6opiui wx npyr c npyrow c 3a30pOM, corjiacHo 
H3o6pexeHHio DJiacxHuecKOMy fle^opMMpoBaHiDO noABepraioT Aexanb. H3P0XOBJieHiiyio M3 Mexaruia c 
MeHbEDUM npeneJioM ynpyrocxw. 

Pe3ynbTaTOM peinemiH nocraaneHHOM 3ajc(aMH HBjmexcfl to, mto npH B03AeiicTBMH Ha nexarib, 
M3roToaneHHyio W3 Merajuia c MeHbnoiM npeflenoM ynpypocxM nepe3 Hee mbi oo3AewcxByeM Ha Aexajib c 
6oribiiiMM npcA^JiOM ynpyrxxmi. 

nocne chhtmh Harpy3KM b A^Tanw c MeHwnHM npeAenoM ynpyrocTM ocxsuotch ocxaxowbie nJiacxmecKMe 
Ae4>opMaiDtM. a R<Fram> c oonbtmcM npeAenoM ynpyrocxH npisMex cbok nepBonawajibHbie pa3Mepbi m 
6e33a3opHO npwiHJKex k conpnraeMOM noBepxHocxn ynpyroii act aim. 

Ha 4>tir. 1 H3o6pa3KCH cnoco6 coeAHneimH jieiutepa. o Koropow o6onoMxa M3POXoanena M3 Mexanjia c 
MeHbimfM npeAenoM ynpyrocxw, a xpy6a H3Poxoanena H3 Mexaruia c oanboiMM npeAeJioM ynpyrocxw; Ha 
4>kp.2 cnoco6 coenMHeinui /lewnepa, u KoxopoM o6ojiouxa M3roxooneHa W3 Meraruia c 6ojiboiMM npeAenoM 
ynpyrocxw, a xpy6a HsroxoaneHa M3 wexa/ma c MeHbuiHM npeA^oM ynpyrocTM. JlewHepa M3roxaBJiWBaiox 
cnenyiotHMM o6pa30M. 

nepBOHanajibHo w3roxannMnaiox ooonoHxy I. nocne 3awepa onyxpeHHero A MaMeT P a o6ojiohkm 1 
o6pa6axbiBaiox no Hapy*uio£i noBepxnocxw xpy6y 2. ooecneMMBaH rapaHXHpoaanHbu* 3a3op we»Ay 
conpHraeMbiMH nooepxiiocxnMM. nocne c6opKM ooonoww ! c xpyoow 2 neimep nocxynaex na onepainco 
cKpcnneuMH. CKpenneiiMc ocymecxanHexcfi nocpcACXBOM A^P^auHH oauoh M3 conpHraeMbix fxprancPL 
o6ojiohkw 1 wih Tpy6bi 2. Ac4>opMauHio mo who npoBOAMXb npw noMomji BbicoKwx AaoJicHHM jkhakocxm, 
pa30B. cnocoooM kobkh, o6KaxKM. AopHOoaHUM mm npyrwc cnoco6on. 

Ha <J)Mr.l noKa3an oahh H3 B03MomiibLX BapMairroB CKperuiciaiyi neiiiiepa. b kotodom o6onouKa 1 



roroToancHa to MeTa/uia c MeHbnmM npenenoM ynpyrocrw, a Tpy6a 2 ro Mcranna c oojifemHM npe/jenoM 
ynpyrocra. B npHse^eHMOM cnynae miacnwecKOH A«&opManMH no^Depraior ofanouKy 1. fljin dtopo na 
MeraanopesymeM o6opyAOBaHmju uanpHMep, ropTOOHranbHo-pacrottHOM craHKe 0 eepTJnoHLHOfi 6a6Ke 
M3AejiuH, no ocm craHKa ycrranannimajoT otinaTHOfi HHcrpyMeHT c fte^opMMpyiomwMM pojiMKaMM 3. B 
creoenb cxaima ycraHaBJiMBaiOT onpasKy 4, Ha KoropoM nocpeflCTfiOM nrnNjrra 5 aaKperuiHxrr JiewHep. 

nocne HacipofiKH fle<j>opMMpyioiuHx pojimkob 3 Ha pa3Mep MeHbme HapyxHoro /^taMerpa o6ojio*ikh (paaMep 
no Ae$opuHpyioiiiKM ponuKaM onpe^ejiHercn 3KcnepttMeHTanbH0, b 3aB0WCHMocrH ox fluaMerpa jieiotepa, 
TOJimy mbi ctchok 060JIOMKH 1 n Tpy6bi 2 h MexaHiraecKHX cboActb Mexaruia) pacKaxHOMy HHcrpyMeHry 
coo6maioT BpawaTenbHoe ABHJKCHHe V t a Jiefeepy nocrynaTenhHoe S, BwnonHHioT ruiacTHMecRyio 
AC<topMauHio o6ojiomkh 1 Hyiipyi^Ae<^pMaigaoTpy6bi2. . . 

B CDH3H c paajnwHbiMH MexaHOTecKHMH cBOHcreaMH MeraanoB o6ojioukh 1 u Tpy6bi 2 b o6ojio<*Ke 
npoH30H^yr njiacnwecKMe ne^opManHii, b pc3yjnyraTe ucro HapyjHHbiH h BHyrpeHHUM ^nawcTpbi 
yMeHbinaTCfl, a b Tpy6e 2 npoTOOH^yT ynpyrae AajttpMaijHH, rpp nocne chhthh narpy3Kn napawerpbi 
Tpy6bi B03epaTHTCH b nepBOHaManbHoe nanoKemxe, npn stom, npoH30flfler 6c33a3opHoe u KanecTBeHHoe 
CKpenneHHC JieiiHepaL 

Ha (Jht*. 2 H3o6pameH ojxyai to B03MO»Hbix BapHaHTOB CKpenneHHH neiniepoB, b kotodom otxxnouKa 1 
TOTOTOBneHa to Mera/ma c 6arcbnmM npeweaoM ynpyrocni, a Tpy6a 2 to Merajma c weHbinMM npen^enoM 
ynpypocTH. 

JleiiHep ycTaHannMBaioT Ha npoiWKHOH crraHOK c ynopoM b npHcnocoojieHHe 6 ohhhm to Topuea. B 
OTBepcTwe Tpy6bi 2 bbo/jht onpaoKy 7, na Bbixo^ b Koropyio eoopatoiBaioT nopH 8. JJopn no Hapy?KHOMy 
^HaMeTpy BbmonHCH Ha paoMep oojibme paaMepa BHyrpeHHcro nuaMerpa rpy6bi 2. Berawinia naTHra jjopua 
8 b oTBepcTHH Tpy6w 2, KaK h b npeflbiflymeM cjiynac. onpeAejiHercH 3KcnepnMeHTanbH0. Flpia bkjuomchhh 
onpaHKH 7 nqna™ S npoTOBonnx nnacriniecKyio ^e^pManjno Tpy6w 2 11 ynpyryio ^e^opMa^mo o6ojio<ikm 1. 
npuBOAHniHx k 6e33a3opHOMy vl KauecTaeHHOMy cKpeiuieiuuo 060/10*001 1 c Tpyoofl 2, KaK h b npeflbiAymeM 
cjiywae. 



Claims [QopMyjia H3o6pereHH5i|: 



Cnoco6 H3roroaneinin nefmepoB. BK/noiaioiigtii ioroToaneirae Tpyow m o6ojiowkh, c6opKy kdc flpyr c ApyroM 
nyre&i ycraHosxM Tpy6bi b o6anouxy c 3a30poM h nocnejQTomee imacriraecKoe He$opMHpoBaHue oahoA H3 
co6paHHbtx jjeTajiefl, oTjnroajomMMCH tcm, *tto Tpy6y h o6onowy H3roTaBJiMBaioT H3 MerajuiOB c pa3Kbnf 
npc^enoM ynpyrxxrra, a nnacrcraecKOH ^e^opMauinf no^eepraioT flera/ife, nsroroa/iamyio ra Meraruia c 
MeHMmM npc^cjioM ynpyrocTM. 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin- walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by deforming one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic deformation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 
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Drawings: 



Fig. 1 
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Fig. 2 



I 




TRANSPERFECTl TRANSLATIONS 



AFFIDAVIT OF ACCURACY 



I, Kim Stewart, hereby certify that the following is, to the best of my 
knowledge and belief, true and accurate translations performed by 
professional translators of the following patents from Russian to English: 



ATLANTA 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
DETROIT 
FRANKFURT 
HOUSTON 
LONDON 
LOS ANGELES 
MIAMI 
MINNEAPOLIS 
NEW YORK 
PARIS 
PHILADELPHIA 
SAN DIEGO 
SAN FRANCISCO 
SEATTLE 
WASHINGTON. DC 



RU2016345C1 
RU2039214 C1 
RU2056201 C1 
RU2064357 C1 
RU2068940C1 
RU2068943 C1 
RU2079633 C1 
RU2083798 C1 
RU2091655C1 
RU2095179C1 
RU2105128C1 
RU2108445C1 
RU21444128 C1 
SU1041671 A 
SU1051222 A 
SU1086118A 
SU1 158400 A 
SU1212575A 
SU1 250637 A1 
SU1 295799 A1 
SU1411434 A1 
SU1430498 A1 
SU1432190 A1 
SU 1601330 A1 
SU 001 627663 A 
SU 1659621 A1 
SU 1663179 A2 
SU 1663180 At 
SU 1677225 A1 
SU 1677248 A1 
SU 1686123 A1 
SU 001710694 A 
SU 001745873 A1 
SU 001810482 A1 
SU 001818459 A1 
350833 
SU 607950 
SU 612004 
620582 
641070 
853089 
832049 
WO 95/03476 



3600 ONE HOUSTON CENTER. 1221 MCKINNEV. HOUSTON. TX 77010 | TEL 713 6Stf-0440 FAX 713 650-0439 WWW.TRANSPERFECT.COM 



Page 2 

TransPerfect Translations 

Affidavit Of Accuracy 

Russian to English Patent Translations 



Kim Stewart 
TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
23rd day of January 2002. 



Signature, Notary Public 






Stamp, Notary Public 
Harris County 
Houston, TX 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



